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COMPLETE SPECIFICATION 
Substituted Ghroman Compounds 

U^Z^th^J & «£ a ' 3 S?? 0 "^" duly organised and existing under the 
KLa ItJ^ f f N ? w J ?*J> United So « America, of Rahway, NeTjersev 
I£?J££ ° f A ^ ta> ' d0 h 5? y dedare ^ invention, for which w^yffi 
• 5 SSJ5 y te -^ Trf ?" S 'i n ^ * e m ^ bv wfci ^ ^ « to be performed^ 

5 ncularly described in and by the following statement: — P 5 

This invention relates to chroman compounds and methods of Dreoarinir them 
% f a ^ CUla^l, ;' " * conccmed ^ V-diine%l-2-[3'-methrf!2»^Sfo?LS' 
T^M»&%t^ anTSfiSyll 
10 jLJL&eL 1 *.- nonamethylheptatricontanyl) . 6 - hydroxy- 

formula?: Chr ° ma " C ° rapOUnds of * e P**" invention are represented by the 
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?k CM* 



15 and 



OCHj 



CM* 
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hS £ oTcoe^ct."^- COmP ° U,Vd 1 ab0VC h to 

20 tion SLT? f" Potion of the new chromans of the present inven- 
kmsJL T?^? e °v ' 811 ^ntial qumone which is involved in resDiratorv mw« 
bolisms and has been discovered in heart mussle tissue as an effect^ n7nT%?™tt 
ol f oxidative metabolism (a. Prof. David E. Green, in , The K E^rffi! 

25 ? ' J u .l 1 *™/- The Processes by which coenzyme O is converted tn 

25 the new chromans of the invention can be Illustrated structurally^ as TfoW 
[Price 4s. 6d.] 
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Price 25p 




In accordance with one embodiment of the present invention, the starting material, 
Compound II or coenzyme Q, is heated under reduced pressure to produce Compound 

I or 2,5^imethyl-M3 , -methyl-2 1 -bu^ 

5 hydroxy-7,8-dimewoxychroman thus by-passing Compound III in the above scheme. 5 
Compound I is obtained when coenzyme Q is heated to a temperature in excess of about 
250° C, preferably between 250—280° C at about 1 to 10 microns pressure. Under 
these conditions, the desired product distils off and can readily be recovered in accord- 
ance with methods known in this art. 

10 Pursuant to a further embodiment of the process, the chroman Compound I may 10 

also be prepared by following the first two steps of the main line of the reaction scheme 
viz. by first reducing the quinone Compound II to the corresponding hydroquinone III 
and then heating the hydroquinone in the presence of a suitable acid catalyst to a tem- 
perature in excess of about 50° C to produce Compound I. The first step of this pro- 

15 cess comprising the reduction of the quinone compound can be carried out by a number 15 
of different procedures. Thus, the reduction can be effected by treatment with reducing 
agents, such as sodium borohydride, metal and acid combinations of sodium hydrosul- 
phite. The second step of the reaction is carried out by heating the hydroquinone in 
the presence of a suitable acid catalyst such as p-toluene sulfonic acid, sulphuric acid 

20 and formic acid. Alternatively, the conversion of the hydroquinone to the chroman com- 20 
pound can be effected by heating the hydroquinone in the presence of a catalysing agent 
such as zinc chloride or stannous chloride. Generally, in carrying out this step of the 
process, it is desirably effected in the presence of a suitable solvent for the hydroquinone 
such as glacial acetic acid, dioxane and the like at a temperature of about 100° C. 

25 In accordance with a preferred embodiment of the present invention which again 25 
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10 



15 



nn^j? 6 tW ° * ep V f raain ^ of reacdon scheme, the chroman con. 
S ^viT C fl ° nVeaientIy b 7 heating a solution of coenzyme Q in glacial 

™"\ d !° refl . us temperature, adding stannous chloride to it in an amount sufficient 
^ qUmCne t0 ^ kydroquinone HI, and continuing the heating under reflux 
f M ,Wle to ^ mp i ete 1,16 formation of the desired chroman compound I Tie 5 
amount of stannous chloride used in this process should be sufficient to change the 
colour rf fce coenzyme Q solution from its original yellow-orange colour. Altenatively! 

ahjfc?/ ^ mg ^ aCetIC acid » "* P T0Cess > °tor suitable solvents, boiling a 

about 100° C, such as dioxane, can also be used. «*»unig-at- 

poundlril •^!f beS£ea ^ * e imaakm P rovides toee methods of producing Com- 10 
*" tZH^ f A Z P r e dudn f a chroman of Coenzyme Q10 which comprises heatina 

«SSA f£SR n t0 fatemal cydi2ation ■ nd ^ obS 

2. A process for producing a chroman compound which comprises redudne a 15 
S*£ ^ P ° U ? d ° f ? or ? mla 11 te to corresponding hydrequuTonelndhL! 
SlptSStt L *" P ~ ^ m add • P^« « chroman 

3. A process for producing a chroman compound which comprises reacting a 

20 o^one compound of Formula II with s£nnous chloride at^p^f i" 20 

excess of about 50° C to product a compound of Formula I. P 

noim ?T a !^! ,1 K% With 4 f «tor; embodiment of the invention, the chroman Com- 
P°™ dI ^ te hydrogenated as shown in the last step of the reaction scheme to d^- 
9<i SSm? 6 c . orres P° ndm B Potato derivative, Compound IV. Tms reduemm cm? be 
25 readily and conyemently carried out by catalytic hydrogenation in the or^cHf « 25 
noble metal catalyst such as palladium at low pressure^ eSk 1-5 Sheres 
Compounds I and IV, can be readily converted 'to the correroondLg acTfcriva 
uves bj r reaction with suitable acylating agents. The acylated I dS^w thm otaS 
are useful products which are valuabk means of identifying and fSt SSfcttf 
£s°rv 0 T UndS - * addido ?' to acyktJ S^^^^ 30 
less sensitive to oxygen and peroxide and hence can be stored for longer iSs t,W 
w^out decoration Although any of the various acyl derK^STE Tu^dT 
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Example I 

Band Structural Indication 
- 2.70 ii «oh 
~ C=0 absent 

6.65 n phenyl 

Spectrum similar to that of a-tocopheroL 
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Example II. 

Preparation of the chroman of coenzyme Q lf from the hydroquinone of coenzyme 

W * The hydroquinone of coenzyme Q JW (III) was prepared from the quinone by dis- 
5 solving 100 mg. o f coenzyme Q v > (I P, in ethanol an d adding excess of sodium bor.o - 
hy dride a s an aqueous soiunon; tins completelylemovcd the original yellow-orange 
colour. The solution was diluted with two volumes of water and extracted three tunes 
\vith pjtroleum- ethe/. Thc petroleum ether extracts wcrejKas hed w i th water , dned-over- 
magnesiuarslflpnate, filtered and evaporated under vacuum to a residual oil, (the pro- 
10 duct is protected from air oxidation throughout by an atmosphere of nitrogen or carbon 
dioxide). When pumped free of residual solvent, the oil crystallized. (From the crystal- 
line residue, the pure hydroquinone of coenzyme Q x « (HI) may be recrystaluzed from 
alcohol-petroleum ether mixtures m.p. 47°). This hydroquinone is used, however, as the 
residue obtained directly from solvent extraction; this is dissolved in methanol-benzene 
15 solution (3 : 1, approximately 40 ml.), to this is added 1 to 2 ml. of concentrated aqueous 
hydrochloric add, and the rnixture is refluxed under a protective atmosphere for eight 
hours. . 

The solution is cooled, diluted with two volumes of water, extracted three times 
with petroleum ether, and the extract is washed with water, dr ied_oyer magnesium 
20 sulphate, filtered and concentrated under vaCuumrieaving approximately 0.9 g. of an 20 
ottyresidue of the chroman of coenzyme Q l0 ; the infra-red spectrum of this material 
shows it to be substantially identical with the chroman of coenzyme Q lt produced as 



in Example I. 

Example III. 
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25 Acetylationof the Chroman from coenzyme Q !U : 

Approximately 200 mg. of the chroman from coenzyme Q», prepared as examphfied 
in Examples I and II, was treated with a mixture of 1 ml. of acetic anhydride and 3 
mi. of anhydrous pyridine; the resulting reaction mixture was heated for one hour at 
60° C 

30 The acetate thus formed was obtained by diluting the reaction mixture with ? 30 

volumes of water and extracting with ether. The ether extract was washed successively 
with dilute hydrochloric add, water, 10% sodium bicarbonate solution and water. The 
ether extract was dried over magnesium sulphate, filtered and evaporated at reduced 

35 PreSS Tbis residual acetate (i.e. 2,5-clirneth yl-2- [ 3 , -methyl-2 I -butenyl-ociakis-(3 ^methyl- 35 
2 1 ^utenylene)-memyl]-6^acctox7-7,8-dmcmoxy-<hroman (lb) was a light yellow oil. 
In isooctane solution the sample showed an ultraviolet absorption band at 

282m/i;Ej% =20.4. 

Example IV. 

40 Preparation of the p-nitrobenzoate of the chroman of coenzyme Q u : 40 

Approximately 100 mg. of the chroman of coenzyme Q, tt (I) produced as exempli- 
fied in Examples I and II was treated with 100 mg. of p-mtrobenzoyl chloride and 
2 ml. of dry pyridine at 100° for one hour. 

The reaction mixture was diluted with 2 volumes of water and extracted with 
45 ether. The ether extract was washed successively with dilute hydrochloric acid, water, 45 
10% sodium bicarbonate solution and water. It was dried over magnesium sulphate, 
filtered, and the ether evaporated at reduced pressure. 

The residual p-nitrobenzoate of the chroman, Le. 2,5-dimethyl-2-[3 1 -inethyi-2 1 - 
butenyl - octakis - (3* - methyl - 2 - butenylene) - methyl] - 6 - p - nitrobenzyioxy - 7,8- 
50 dimethoxy-chroman (Ic), was crystallized from ethanol or from a mixture of acetone 50 
and petroleum ether, m.p. about 112°. 

The infrared spectrum was observed in carbon tetrachloride solution: 

Band Structural Indications 

5.71 t n carbonyl (ester) 

55 6.17 u phenyl 55 

6.48 /i., 7.39 « nitro 



9 u region 



No —OH band 
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The ultraviolet absorption spectrum was observed in isoctane and showed a -strong 
band at 255 na, Ej* =278, inflections at 290 m/<., E}% =62.2 and 

io/ 1 cm. 

305nv.,Ej^ =36.6. 

i cm. 

« „ ExamplbV. 

3 Hydrogenation of the chroman from coenzyme Q„ : 5 

A solution of 100 mg. of the chroman from coenzyme Q„, prepared as exemplified 
a Examples I and II, is made in 50 ml. of ethanol (free of beiiene, for «^rusrt 
rh P ^*T tdy l( ? T S. 5 * P alIadium (° n <*arcoal supportT^S fc Sed ^3 

10 B ag,ta,ed OTth hydrogen gas under one to 3 amiospheres pressure for thTee 

? ~ °^ ^f 00 ™ ^P^^ ^ ^sorption is essentially comX* ThY^tatet 10 
,s ronoved by filtraoon and the filtrate is concentrated under vacuZand pump^E 

JIZS** , % n ,2U ,24 ,28 ,32 ,36* - nonamethyl - heptatricontanvH - 6- 

15 oteiS:f o Zo„°,T„;h cl,r0n ? an (IVa) as shown by ^ ab ^« ^22* £ 

ojenmc (— tji = ) protons in the nuclear magnetic resonance spectrum. 15 

Example VI. 

m ,J& T^Tl ° f I 00 °/, the "y^genated chroman, obtained according to the 
£S m Y' ^ 05 ml - ^ acetic anhydride andlTrnf of 2! 

... , Example VII. 

25 t, M J? rT^ ° f mg - °f coenz y n >e Q in about 5 ml. of glacial acetic acid was 

Tte^r ««2frt: hea "ng under reflux was continued for about 15 minutes. 

.? u 83 J? 1 eva P°f«ed at reduced pressure and the resulting residue «S 
extracted with ether. The ether layer was washed repeatedly wim^at^dWedTve™ 

* uuicnyi - octaJos - 3 1 - methyl - 2 l - butenylece) - methyl] - 6 - hvdroxv .78 
SSvSTv ^, n f r,y pure fonn of - a '''e 1 " ^»° w ° a - Small m^TZ^L 
E^S^MS**™ eXtraCD ° n miDg 8 of and dimethyl- 

35 „.~t V*- w ch J oma ?, s of present invention are useful antioxidants which can he 
used to inhibit the oxidative rancidity which occurs during the storage^ and hX of 

D™^nf t K. md / CatlVC °- f a?*™™** <>f «noidity. For example ^eantioiti&mt 

gerui^ifaffedtl S^EZST^ 
. ^^^^^ 

^ aii u L° 1 '2 a ? dded 3,1(1 mixed well with the corn oil 

au oeaKers are then heated in a thermostatically controlled bath at 6?o p *™. 

50 Ser E?ch^L°, f ?** *V"! * WKttSS. tonfe^ 

rtw^if f K 1 30 ml - of glacial acetic add^lorofonn solution 

• (m 18 added w,th good mixing until clear. The brown&^lour 

uSSdZt^J^ ' 3 I annpaled Wi -* 8tanda « b 0 f the Master ^ouTsS J?Z 
55 hta£sS u ;^ f n ™£ S S °°" e ? t . m oonuol, and 2 or more days of addS 
neaung is required for samples containing antioxidants. 
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WHAT WE CLAIM IS : — 

1. A chroman compound of the formula: 



CH5 CH 3 CH 5 

CHjtCHx-CH-CrCHjg-CMi-CH-C-CHa 




where R is a hydrogen atom or an acyl radical. . . K 

5 2. A compound as claimed in Claim 1, in which R represents an acyl radical * 

derived from a carboxylic acid having from 1 to 9 carbon atoms in the molecule. 

3. A compound as claimed in Claim 2, in which R represents acetyl. 

4. A chroman compound having the formula of Claim 1, in which R represents p- 
nitrobenzoyl. 

10 5. A chroman compound of the formula: 10 



OCH 3 

where R is as defined in Claim 1. . 

6. A compound as claimed in Claim 5 in which R represents an acyl radical derived 
from a carboxylic acid having from 1 to 9 carbon atoms in the molecule. 
15 7, A compound as claimed in Claim 6, in which R represents acetyl. 15 

8. A process for producing a chroman of Coenzyme Q tB which comprises heating a 
compound having the formula : 

c* «* 



to effect internal cydization and thereby obtain the compound claimed in Claim 1, 
20 where R is a hydrogen atom. 20 
9. The process for producing a chroman compound which comprises reducing a 
quinone compound of the formula : 

(ch^-ch - c -ch,^ C* A -e«-c-cw 3 





25 



to the corresponding hydroquinone, and heating this hydroquinone in the presence of an 
add catalyst to produce the chroman compound claimed in Claim 1, where R is a hydro- 
gen atom. 



25 
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10. A process as claimed in Claim 9, in which the reduction of the quinone to the 
hydroquinone is carried out with sodium borobydride. 

11. A process for producing a chroman compound which comprises reacting a 
quinone compound of the formula : 




CH 



CH 3 
i 

c 



with stannous chloride at a temperature in excess of about 50° C to produce a com- 
pound as claimed in Claim 1, where R is a hydrogen atom. 

12. A process as claimed in claim 11, in which the reaction is carried out in glacial 
acetic acid at a temperature of about 100° C. 
10 13. The process which comprises reacting the compound as claimed in claim 2 or 10 

6 where R is a hydrogen atom, with an acylating agent to produce the corresponding 
acyiated derivative. 

14. The process which comprises reducing the compound claimed in claim 1 
where R is a hydrogen atom to produce a compound as claimed in claim 5, where R 

15 is a hydrogen atom. 15 

15. A process as claimed in claim 8, substantially as hereinbefore described in 
Example I. 

16. A process as claimed in claim 9, substantially as hereinbefore described in 
Example II. 

20 17. A process according to claim 11, substantially as hereinbefore described in 20 

Example VII. 

18. A process as claimed in claim 13, substantially as hereinbefore described in 
any one of Examples III, IV, or VI. 

19. A process as claimed in claim 14, substantially as hereinbefore described in 

25 Example V. 25 

20. A compound as claimed in claim 1 or 5, when prepared by a process as 
claimed in any one of claims 8 to 19. 

For the Applicants, 
D. YOUNG & CO., 
Chartered Patent Agents, 
9 Staple Inn, London, W.C.1. 
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